In sanitary landfills occurs the disposal of varied variety of residues that lead to the formation of leachate generated from the decomposition of urban solid wastes. Special attention should be given to leachate, as it may affect natural resources.
Introduction
In sanitary landfills, the disposal of the different wastes occurs specially as urban solid waste (USW). These are characterized by a complex mixture of materials constituted by organic matter (paper, cardboard, wood branches) and inert materials (plastics, glass, metal, etc.) (CARVALHO et al., 2006) . Such residues when disposed in the medium without proper preparation for packaging, present potential as polluting materials. Additionally, the significance of the impact of solid waste also depends on the composition of those residues that may change according to environmental conditions, urbanization and the socioeconomic level of the generating region, as well as the type of waste management (GIORDANO, BARBOSA FILHO and CARVALHO, 2011) .
This feature makes the USW decomposition process extremely complex due to the formation of leachate. Special attention should be given to the leachate generated in the landfills, as it presents a potentially polluting liquid that can attack nearby natural resources, if not treated and discarded in a careful and controlled manner (SALEM et al., 2008) .
The generation of leachate occurs due to the degradation of solid residues by the presence of microorganisms, most of them bacteria acting on aerobic or anaerobic metabolism, characterized by the existence and absence of oxygen, respectively; besides these, the conditions of the medium, characteristic of the residues and precipitation contribute to produce a larger or smaller volume of leachate (IPT, 1995) .
For landfill leachates, several treatment methods have already been studied, Omar and Rohani (2015) discussed a broad review on the subject, presenting methodology, advantages and disadvantages. According to the authors, there is a need to expand knowledge in all aspects about landfills.
The characterization of landfill leachate identifies and quantifies the chemical substances and physical characteristics of the landfill; however, it is not possible to infer its direct impact on the ecosystem. To analyze the toxic effects of substances or mixtures, discarded / disposed of and / or to be used in human activities, toxicity tests or bioassays must be carried out to predict the potential impact of a xenobiotic (toxic agent) on the environment (FLOHR et al., 2005) .
These laboratory tests were carried out under specific and controlled experimental conditions, aiming to estimate the toxicity of substances, agricultural, industrial and domestic effluents, medicines, chemicals in general and environmental samples (water or sediments), as well as evaluating the resulting synergistic and antagonistic effects (COSTA, et al., 2008) .
For this purpose, ecotoxicity tests are executed on different test organisms. Germination tests are performed to determine the potential effect of a pollutant. To determine the concentration / lethal dose capable of causing death or inhibition in 50% of test organisms (LC50), it is also possible to determine the lowest concentration where the pollutant effect is observed (LOEC), as well as higher concentration in which no deleterious effect is observed (NOEC) (ADAMS et al., 2002; BAEZ and GRANADOS, 2004) .
The Organization for Economic Cooperation and Development (OECD) publishes a list of species for this type of trial, and one of them is cabbage (Brassica oleracea var. capitata) (OECD, 2003) .
Therefore, the present work aims to determine the impact potential of landfill leachate on the germination and development of roots and aerial part of cabbage (Brassica oleracea var. capitata).
Material and methods

Materials
The tests took place in the Multidisciplinary Laboratory for Agro-environmental Technology of the Pinheiral Campus of the Federal Institute of Rio de Janeiro, located in the municipality of Pinheiral, Rio de Janeiro state.
The landfill leachate used in the study was provided by the company Haztec Tecnologia e Planejamento Ambiental S.A., which manages the Waste Treatment Center (WTC) located in the city of Barra Mansa, with geographic coordinates 22°35'11.52"S and 44°12'54.31"W.
The planning, compilation and maintenance of the leachate were performed according to NBR 9897 (ABNT, 1987) . The leachate was stored in a plastic container with 50 liter capacity and 25% of its contents were renewed monthly to avoid losing its characteristics.
We used seeds of lettuce (Lactuca sativa L.) cv. Baba, from the company Isla seeds, whose germination potential was around 95%.
Petri dish (9.5 cm diameter) and substrate qualitative filter paper (1 μm porosity) were used for direct impact testing. For the indirect impact test, the substrate used was a Planosol Hapless Tb Eutrophic of sandy texture.
The environmental conditions for both assays were: temperature (25 ± 2 °C) (BRASIL, 2009); photoperiod (12 hours light / 12 hours dark) and total run time of 120 hours (LINDER et al., 1989) .
These conditions were obtained with the use of a Thelga TF34 BOD chamber, where the container dishes were prepared. 
Methods
Effect on germination and development of cabbage (Brassica oleracae var. capitata)
roots -direct impact.
The experimental dynamics followed a completely randomized design developed in two groups: test and control. For the test group, six treatments were applied with increasing doses in a ratio of 50% of landfill leachate, as follows (ARAGÃO et al., 2008 ALMEIDA et al., 2011 : T1 = 3.125% leachate + 96.875% deionized water; T2 = 6.25% leachate + 93.75% deionized water; T3 = 12.5% leachate + 87.5% deionized water; T4 = 25% leachate + 75% deionized water; T5 = 50% leachate + 50% deionized water; T6 = 100% leachate; and control (TC) = 100% deionized water.
All treatments were performed in triplicate.
In the study, 20 seeds of cabbage were divided in Petri dishes (9.5 cm in diameter) with qualitative filter paper substrate (porosity 14 μm) and moistened with 4.0 mL of the sample solutions. To ensure moisture throughout the test, Petri dishes were wrapped with transparent parafilm and placed in a germination chamber.
Effect on germination and development of Cabbage (Brassica oleracae var. capitata) -indirect impact.
For this assay the methodology of LOPES et al (2010) was adapted, 50 mL plastic containers were filled with 50 g of sandy soil moistened with 13.5 mL of solution (landfill leachate + deionized water), according to the treatments applied in the direct impact test. Afterwards, ten lettuce seeds were distributed on the soil at equal distances. Soon after sowing, the plastic containers were covered with parafilm (to minimize possible losses of humidity and incubated in a germination chamber, BOD type.
The soil used in the test was physico-chemically characterized according to the method recommended by the Brazilian Agricultural Research Corporation -EMBRAPA (1997) ( Table 2 ).
Evaluation and Statistical Analysis.
At the end of the experimental period the following parameters were evaluated: number of seeds germinated and not germinated, and length of roots (USEPA, 1996; OECD, 2003) . The root length was measured with a digital caliper.
Seeds showing a radicle protrusion were germinated (SOBRERO and RONCO, 2004) . We considered valid the tests for germination in the control (deionized water) that presented germination rate greater than 80% (BRASIL, 2009).
For the determination of lethal effects in both tests, the LC50 was identified from comparison of the mean germination and/or graphical analysis.
The sub-lethal effects were determined by the no observed effect concentration (NOEC), which corresponds to the highest concentration/dose of toxicant that causes no statistically significant deleterious effect on the organisms during the exposure time under the test conditions; also, the lowest observed effect concentration (LOEC), which is the lowest concentration/dose of toxicant that causes statistically significant deleterious effect on the organisms during the exposure time and test conditions (RONCO et al., 2004) . NOEC and LOEC were determined by comparison between the average length of the roots.
After physical examination and with the means values of variables, we assessed for Lilliefors test of normality and Cochran-Bartlett test to ensure homogeneity. The Scott-Knott test was used to analyze the significance between treatments at 5% probability. To determine the correlation between the parameters and concentration of pollutant (landfill leachate), we used Pearson correlation coefficient (r) and t-test for significance at p < 0.05 (ACHEN, 1977; ALDRICH, 1995) .
The analyzes were carried out with Assistat 7.7 (SILVA & AZEVEDO, 2016), and graphs plotted using Microsoft Excel 2013.
Results and discussion
The physical-chemical parameters presented in Table 1 allow to classify landfill leachate as a young leachate (KURNIAWAN et al., 2010) . It is also observed that when these parameters are compared with the effluent quality standard for release according to CONAMA resolution 430/2011, this crude leachate does not have characteristics that allow its arrangement in the receiving body, as a potential pollutant from a physical-chemical perspective. Also, the parameters salinity, aluminum and sodium present high values. Studies on aluminum toxicity demonstrate the deleterious effects of this cation on plant metabolism (KOCHIAN, 2004) . The exchangeable aluminum of the soils, for example, can reduce the germination, exerting decisive influences on the metabolism of seeds (CRUZ et al., 1995) . It is observed ( Table 2 ) that the Al 3+ element, known by its phytotoxicity, was not detected in the analysis. The pH value (7.50) is close to neutrality. Such characteristic allows the availability of the nutrients present in the soil. The analyzes carried out in the soil (Table 2) for the indirect impact test show that its physicochemical characteristics that guarantee an adequate environment for the development of the study. Also, assuring that any changes in the characteristics of the species do not occur due to soil influence.
Comparing the data of From the doses tested in both trials it was not possible to determine the LC50 of the leachate in relation to the cabbage. The evaluation of germination shows that in the direct impact test, whose substrate was filter paper, the limit dose for cabbage is obtained in the treatment with 6.25% (T2). Thus, the germination of the species is reduced in such a way that inhibition reaches approximately 61% in relation to the control treatment.
For the soil test, germination behavior describes a divergent result in relation to filter paper test. It is also observed (Figure 1 ) that there is only significant difference in the treatments, from 25% of leachate (T4). This difference configures an inhibition of approximately 100% in the germination in relation to the control treatment. FRANCO et al. (2017) evaluated the effect of landfill leachate on the germination of lettuce (Lactuca sativa L.) seeds on filter paper and soil, identifying significant differences in the parameter from 12.5% and 25%, respectively. These results corroborate with those obtained in the present study in relation to the soil substrate. However, it is observed that on filter paper the cabbage was less tolerant to the leachate in relation to the lettuce.
The germination process can be influenced by intrinsic and extrinsic factors to the seed.
Among the intrinsic factors, special emphasis is given to the viability of the embryo and dormancy, which for cabbage is not a limiting factor. Amongst the extrinsic factors, environmental conditions have the main influence, where the presence of a potentially toxic substancelimits the process (AYERS, 1952; SANTOS et al., 1992) .
Considering the high salinity of the landfill leachate, CE > 2.25 dS m -1 (RICHARDS, 1980) , it can be stated that this characteristic associated with the presence of other components, such as aluminum, in the pollutant may have presented toxic potential to germination of cabbage. For the test whose substrate was sandy soil (Figure 2 ), we observed a similar behavior to the germination analysis. that is, there is no significant difference between the first three treatments of the test group in relation to the control group. It is further stated that from the 25% dose, complete inhibition of root growth occurs. Nevertheless, the said treatment can be defined as the dose that corresponds to the NOEC value and the treatment 50% as the dose equivalent to LOEC.
These results corroborate with those obtained by FRANCO et al. (2017) that evaluated the effect of landfill leachate on lettuce radicle length (Lactuca sativa L.) on filter paper and soil, and identified the LOEC values at 3.125% and 50%, respectively. The effect of salinity most easily observed on plants is the reduction in growth due to nutritional imbalances (FERREIRA et al., 2001 .
The situation known as salinity is a soil that has excessive soluble salts, exchangeable sodium or both affecting plant development (RIBEIRO et al., 2009) . The excess of sodium salts, for example, causes a generalized reduction of plant growth .
The mean values of the hypocotyl length as a function of the different doses of landfill leachate are shown in Figure 3 . Significant differences between treatments were observed by Tukey's test (p < 0.05).
Figure 3:
Average of hypocotyl elongation (HL) of cabbage submitted to the application of different doses of landfill leachate in two substrates, filter paper and soil. (Means followed by the same capital letter and the same lowercase letter do not differ by the Tukey test at 5% probability. TC = deionized water control; T1 = leachate dose of 3.125%; T2 = leachate dose of 6.25%; T3 = leachate dose: 12.5%; T4 = leachate dose of 25%; T5 = leachate dose of 50%; and T6 = leachate dose of 100%).
Also considering the vegetative behavior of the cabbage in the test with filter paper, the evaluation of the length of the hypocotyl together with the root length confirms the significant negative influence of the landfill leachate. However, it occurs from the dose 3.125%. It can be stated, according to the literature, that greater effect is due to the high salinity of the pollutant.
The values obtained for the length parameter of the hypocotyl in the test whose substrate was the sandy soil, confirm the data obtained for the growth of the radicle and the germination, in such a way that only a significant difference in the parameter occurs for the 25% treatment.
The adverse effect observed in the present study is potentially due to the high salinity of the pollutant., Besides that, the difficulty to absorb water and the presence of other elements can configure levels that cause toxicity to the seeds (FRANCO et al., 2017) . The toxicity bioassay using cabbage seeds as a test organism is presented as a low-cost methodology, easy and fast execution and high sensitivity for the verification of the impact of landfill leachate.
Conclusions
In both trials it was not possible to determine the LC50 from the doses tested, although it is observed that the filter paper test was more restrictive, since 6.25% treatment was presented as a limit dose where from germination inhibition occurs. However, it was observed that the sublethal effects (LOEC) for the pollutant occur in dose 3.125%.
The results were more flexible in relation to the introduction of the pollutant for the germination test in soil, since LOEC was obtained with the treatment corresponding to the 50% dilution, which also defines the maximum dosage that no significant change in seed germination is observed.
